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(57) Abstract: The present invention relates to a device for reducing the output current of apriinary switched battery charger, which 
charger comprises an input DC powercircuit, a high frequency transformer and control unit for modulating the DC inputpower. 
According to a first aspect of the invention, it comprises means for measuringpulse ratio of switch pulses on the output side of the 
charger, means for measuring peak value of output voltage, means for differentially amplifying the signals measured and means for 
integrating voltage/current of the differentially amplified signals, whereinthe integrated voltage/current is used for modulating the 
input DC power in order to reduce the output current. According to a second aspect, the invention it comprises meansfor measuring 
the output effect of the charger, means for measuring the output voltage ofthe charger, means for dividing the signals measured; and 
means for multiplexing voltage/currentof the output from the means for dividing, wherein the multiplexed voltage/current is used 
foimodulating the input DC power in order to reduce the output current. 
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DEVICE FOR A BATTERY CHARGER 
TECHNICAL AREA 

The present invention relates to a device for controlling the cxirrent of a batteiy 
5 charger, and in particular a primary switched charger. 

BACKGROUND OF THE INVENTION 

The charging of batteries sho^lld be performed as carefully as possible in order 
not to damage the battery or reduce its capacity and at the same time the 

10 charging should be performed as quickly as possible, these two criteria cannot 
always be obtained at the same time. In order to shorten the charging time, 
the charging current can be increased. A high charging current can however 
damage the battery. To this end the battery manufacturers have strict 
instructions on how high a charging current is allowed to be as a function of 

15 battery size. A normal recommendation is that the charging current is 

obtained by multiplying the capacity of the battery in ampere hours with 0,1, 
ie a 20 Ah battery should be charged with 2 A. 

A battery charger is therefore "locked" in a window between being too small, 
20 with long charging time, acid too large, with detrimental influence on the 

battery Ufe. As a consequence of this, users with a number of different battery 
sizes are forced to have a number of different battery chargers, altematively 
they charge outside the recoromendations of the manufacturers. For all 
charging of batteries, the final charging voltage has a large impact on the life 
25 of the battery. A too high voltage means that the battery develops gas with an 
increased concentration of sulphuric acid and accelerated grid corrosion as a 
consequence. A too low voltage means an uncompleted charging with partial 
sulphating and lost battery capacity as a consequence. A third parameter is 
that current ripple shall be kept low as it cause an increase in the battery 
30 temperature during charging with a decreased life as a consequence. 

On linear chargers, ie chargers arranged with a transformer that converts the 
mains voltage to charging voltage, which are the predominant type for 
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chargers, the current may be controlled in that the transformer is provided 
with several primary windings and the output voltage is varied by choice of 
primary winding. Due to this, the output voltage is altered and because the 
cxirrent is proportional to the voltage, the current can be affected. The 
5 drawback with this type is apparent on an imregulated linear charger because 
the voltage to the battery can rise to levels which are detrimental to the battery 
if quick charging is required and a too low voltage level if it is desired to reduce 
the current. Ripple is something undesirable on a charger due to the above 
mentioned problems. The development trend regarding battery chargers is a 
10 transfer to primary switched devices, which offer a more exact control of 
voltage and current and at the same time smaller dimensions. There exists 
today, as far as the inventors are aware, no changeable output currents on 
primary switched chargers. 

15 BRIEF DESCRIPTION OF THE INVENTION 

The aim of the present invention is to provide a primary switched charger 
where the user can choose one or more current levels. Because of this, 
charging parameters can be adapted in order to provide the right treatment of 
the battery and one single charger can be adequately used for different types 

20 and sizes of batteries. 

Accordiag to one aspect of the invention it discloses a device for reducing the 
output current of a primary switched battery charger, which charger 
comprises an input DC power circuit, a high frequency transformer and a 

25 control unit for modulating the DC input power, characterised in that it 

comprises means for measuring pulse ratio of switch pulses on the output side 
of the charger, means for measuring peak value of output voltage, means for 
differentially amplifying the signals measured and means for integrating 
voltage /current of the differentially amplified signals, wherein the integrated 

30 voltage /current is used for modulating the input DC power in order to reduce 
the output current. 
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According to second aspect of the invention, a device for reducing the output 
current of a primary switched battery charger is disclosed. The device for 
reducing the output current of a primary switched battery charger according 
the second aspect of the present invention comprises an input DC power 
5 circriit, a high frequency transformer and a control unit for modulating the DC 
input power, characterised in that it comprises means for measuring the 
output effect of the charger; means for measuring the output voltage of the 
charger; means for dividing the signals measured; and means for multiplexing 
voltage /ciu-rent of the output jfrom the means for dividing, wherein the 
10 multiplexed voltage /current is used for modulating the input DC power in 
order to reduce the output current. 

According to a third aspect of the invention, there is provided a method for 
reducing the output current of a primary switched battery charger, which 

15 charger comprises an input DC power circuit, a high frequency transformer 
and control unit for modulating the DC input power. The method is 
characterised in that it comprises the steps of: measuring the output efifect of 
the charger; measuring the output voltage of the charger; dividing the signals 
measured; and multiplexing voltage /current of the output from the means for 

20 dividing, wherein the multiplexed voltage/ current is used for modulating the 
input DC power in order to reduce the output current. 

According to a foTirth aspect of the invention, a method for reducing the 
output current of a primary switched battery charger, which charger 

25 comprises an input DC power circuit, a high frequency transformer and a 
control unit for modulating the DC input power is disclosed. The method is 
characterised by the steps of: measuring pxilse ratio of switch pulses on the 
output side of the charger; measuring peak value of output voltage; 
differentially amplifying the signals measured; integrating voltage/current of 

30 the differentially amplified signals, wherein the integrated voltage/ current is 

used for modulating the input DC power in order to reduce the oulput current. 
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According to a further aspect of the invention there is provided Computer 
readable medium comprising instructions for bringing a programmable device 
to perform the method according to the third aspect of the invention or the 
fourth aspect of the invention. 

5 

The advantage with the present invention is that the design provides a good 
possibility to reduce the charging current to the battery on the output side 
and is at the same time very cost efficient. A current limitation is possible to 
perform in the interval of aroimd 5% to 30% of the maximum current. The 
10 current regulation will partly be reciprocally proportional to increased load, ie 
the charging current decreases with increased load. Maximum current is 
therefore obtained just before the voltage regulation cuts in during reduced 
load. 

15 These and other aspects of, and advantages with, the present invention will 
become apparent from the detailed description of the invention and from the 
accompanying drawings. 

SHORT DESCRIPTION OF THE DRAWINGS 
20 In the following description of the invention, reference wiU be made to the 
following drawings, of which 

Fig. 1 shows a circuit configuration of a battery charger comprising the 

current device according to the present invention, 
25 Fig. 2 shows a block diagram of the current device of the present 

invention, 

Fig. 3 shows a more detailed illustration of the effect regulation circuitry 

shown in Fig. 2, and 

Fig. 4 shows a circuit configuration of the control unit of Fig. 1 . 

30 

DETAILED DESCRIPTION OF THE INVENTION 

The battery charger shown in Fig. 1 is a primary switched charger comprising 
in a known manner a DC power circuit 8 connectable to the mains, a diode 
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bridge 10, a smoothing capacitor 12 and a high frequency transformer 14 
having a primary winding 14a connected to the DC power circmt 8 and a 
secondary winding 14b. The smoothing capacitor stores energy as a high DC 
voltage. The transformer transforms the high voltage to a charging voltage. A 
5 control unit 16 comprising, inter alia, an electronic switch, like a field effect 
transistor FETT, is arranged to the DC power circuit and the transformer 
capable of chopping up the DC power from the DC power circuit into pulses, 
and controlling and modulating the signal. Furthermore, the control unit 16 
comprises modulation circuitry arranged for the modulation of the signal. In 
10 Fig. 4 a circuit configuration of the control unit 16 will be shown. 

On the output side of the high frequency transformer 14 are two lines, positive 
18 and negative 20, provided with means to connect to a battery 21. A 
rectifying element 22, such as a diode, is arranged to the positive line, and a 
15 smoothing capacitor 24 is arranged between the positive and negative line. 

The device according to the invention for providing a low current comprises a 
circuit 26 for measuring the pulse ratio of switch pulses on the output side of 
the high frequency transformer 14, connected via a line 28 to the positive Une 

20 18. The pulse ratio is the ratio between the pulse duration and the interval 
between two consecutive pulses and is a measure of the output effect of the 
battery charger at a given output voltage. Accordingly, the circuit 26 in fact 
measures the output effect of the battery charger. It further comprises a 
circuit 28 for measuring peak values of the output voltage, connected between 

25 the positive and the negative lines. Since the output voltage is a DC voltage 
which may comprise superimposed voltage components, the circuit 28 for 
measuring the peak values preferably is arranged to measure the effective 
values of the output voltage. Output signals from the pulse ratio circuit 26 
and the peak value circuit 28 are fed via lines 30, 32 to a differential amplifier 

30 34 for the peak values / ptdse ratios arranged to compare the peak value 

voltage and the pulse ratio voltage and differentially amplifying the resulting 
value. Preferably, the amplifier 34 is arranged to reverse output signal. 
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An integrating amplifier 36 for feed-back of voltage / current is arranged with 
an input line 38 from the positive line 18. A second input line 40 provided with 
a breaker 42 is provided from the amplifiier 34 for activating/ deactivating a 
low-current area. A feed-back line 44 is provided from the integrating amplifier 
5 36 to the control unit 16 to be used for PWM. Preferably, an isolating element 
(see Fig. 3) is arranged at the feed-back line 44 between the integrating 
amplifier 36, for example, an optical-coupler or a transformer. 

Fig. 2 shows a block diagram of the components of the different circuitry 
10 comprised in the present invention. 

Furthermore, the pulse ratio circuit 26 comprises a diode 50 connected to line 
28 and a resistor 52 in series with the diode. The resistor is in turn connected 
to a second resistor 54 and a capacitor 56 arranged in parallel with each other 
15 and connected to earth. 

The peak value circuit 28 comprises two resistors 58 and 60 connected in 
series with each other and between the positive line 18 and the negative line 
20. 

20 

The amplifier 34 comprises a transistor 62 where its emitter is connected via 
line 64 between the resistors 58, 60 of the peak value circuit 28. The base of 
the transistor 62 is connected via a resistor between the resistor 52 and the 
resistor/ capacitor 54, 56 of the pulse ratio circuit 26. F\irther, the collector of 
25 the transistor 62 is coimected to a resistor 68 and a capacitor 70 arranged in 
parallel with each other and connected to earth. 

The integrating amplifier 36 comprises a transistor 72, where its base is 
connected to the collector of the transistor 62. The emitter of the transistor 72 
30 is connected to earth via a resistor 74. The collector of the transistor 72 is 
connected to the base of a second transistor 76. The collector of the second 
transistor 76 is connected to the positive line 18 via a line 78 and a resistor 
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80. A further line 82 is arranged between the line 78 and the collector of the 
first transistor 72, which line is arranged with a resistor 84. 

Preferably, an optical-coupler 37 (see Fig. 3) is arranged at the feed-back 44 
between the integrating amplifier 36 and the control unit 16 to performs the 
transfer of the feed-back signal from the integrating amplifier 36 at the 
secondary side to the primary side. The optical-coupler 37 comprises, inter 
alia, a LED (not shown). 

Furthermore, the integrating amplifier 36 is connected to effect regulation 
circuitry, which is indicated by the dashed box 39, comprising a resistor 86 
and a resistance adjusting means 88 and regulation circuitry (see Fig. 3). Of 
course, there are a number of ways of implementing a resistance adjusting 
means as the man skilled in the art realizes, for example, by means of a 
trimming potentiometer. The resistor 86 is connected to the line 78 and to the 
emitter of the second transistor 76. In turn, the trimming potentiometer 88 is 
connected between the connection of the resistor 86 and the emitter of the 
second transistor 76 and earth. The feed-back line 44 is connected to the 
connection between the resistor 86 and the trimming potentiometer 88. The 
output voltage is determined by the voltage division between the resistor 86 
and the trimming potentiometer 88. Accordingly, the output voltage can be 
adjusted by an operator by changing the resistance value of the trimming 
potentiometer 88. 

The breaker 42 for activating/ deactivating the low-current area comprises a 
transistor 90 with its collector connected between the collector the first 
transistor 72 and the base of the second transistor 76 of the integrating 
amplifier 36. The emitter of the transmitter 90 is connected to earth. The base 
is via a resistor 92 connected to an electronic switch so that the low-current 
area of the charging can be chosen by an operator. The skilled man realizes 
that there are a number of ways to implement a breaker and that the 
embodiment shown is intended only as an example. 



wo 03/071657 PCT/SE03/00286 



Turning now to Pig. 3, a more detailed illustration of the effect regulation 
circuitry of Pig. 2 is shown. The regulation circuitry 39 comprises a regulator 
100, which preferably is an integrated shunt regulator. The shimt regulator 
100 is connected to the resistor 86, the amplifier 36 (or in fact, the emitter of 
5 the transistor 76), the trimming potentiometer 88, a second resistor 102 and a 
third resistor 104. Furthermore, a capacitor 106 is connected to a connection 
between the shunt regulator 100 and the second resistor 102 and to a 
connection between the resistor 86 and the triinming potentiometer 88. The 
third resistor 104 is in tum connected to the optical-coupler 37 and to a 
10 fourth resistor 108, The resistance values of the second, third and fourth 
resistors 102, 104 and 108 are carefully selected in order to adapt the feed- 
back qualities of the regulating circuitry. 

Referring now to Fig. 4, a circuit configuration of the control unit of Fig. 1 will 

15 be shown. The control unit 16 comprises an effect limiting circuit 120, an 
electronic switch 122, like a field effect transistor FET, and a modulation 
circuit 124. Furthermore, the effect limiting circuit 120 includes a first resistor 
126 connected to the electronic switch 122 and to earth and a second resistor 
128 connected to the first resistor 126, to the optical-coupler 37 and to the 

20 modulation circuit. A capacitor 130 is arranged in parallel with the first 

resistor 126 and connected to earth. The details of the modulation circuitry 
will not be described in detail here, because it do not form part of the present 
invention and its function and design is well known to the man skilled in the 
art. Preferably, the signal is modxilated using pulse width modulation (PWM). 

25 Of course, the present invention can be used with a number of other 

modulation methods, for example, pulse-position modulation (PPM) or pulse 
firequency modulation (PFM). In such cases, any necessary modifications of the 
circuits of the current device of title present invention in order to adapt the 
current device to the modidation method used are easily performed by the 

30 skilled man and are therefore not described herein. 

In function, the device according to present invention operates as follows. The 
output voltage of the battery charger is measured and divided to a level 
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suitable for the amplijaer 34 in the peak value circuit 28. The peak value is 
used to compensate the measurement of the pulse ratio. Of course, other 
values are possible to use as, for example, the effective value. At an increased 
charging current, the output voltage of the charger will decrease. 

5 

In the pulse ratio circuit 26, the pulse ratio, i.e. the ratio between the duration 
of the pulse and the period of time between two consecutive pulses, is 
measxired and, in addition, the pulses are rectified. The voltage at the 
capacitor 56 increases as the output effect of the charger increases. 

10 

Hien, the pulse ratio voltage and the peak value voltage is compared in the 
amplifier 34, the pulse ratio is subtracted from the peak value and the 
resulting value is amplified. Thus, the amplifier can be seen as a dividing 
circuit. Preferably, the output signal is inverted in the amplifier 34. This is 
15 advantageous in order to achieve a correct start up since the current will 
increase at a slow rate, i.e. a soft start is obtained. A decreased pulse ratio 
entails an increased output signal, i.e. an increased voltage at the capacitor 
70. 



20 In the integrating amplifier 36 the present output voltage is integrated with the 
output signal from the amplifier 34, or, in fact, the present output voltage is 
added to the output signal from the amplifier 34. Thus, the integrating 
amplifier 36 can be seen as multiplexing circuit. An increased input signal, i.e. 
an increased input voltage, received from the amplifier 34, at the base of the 
first transistor 72, corresponds to a decreased output current, which entails 
that the resistor 84 gradually will be disconnected. This, in turn, leads to an 
increased output voltage of the charger and, thereby, an increased output 
current, i.e. charging current. 

The regulation of the output voltage of the charger is effected by means of an 
active limitation of the output effect of the charger. As mentioned above, the 
output voltage is determined by the ration between the resistance values of the 
resistor 86 and the trimming potentiometer 88. In effect, the voltage of the 
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cathode of the regulator 100 will be self-regulated so that the voltage at the 
control input of the regulator will set to approximately 2,5 V. If the oulput 
voltage of the charger increases, the regulator 100 will draw a larger current 
through the cathode. Thereby, the current through the third resistor 104 is 
5 increased. This increased current leads to an activation of the LED of the 

optical-coupler 37, which, in turn, decreases the oulput effect of the charger. 

The transfer of the feed-back signal from the integrating amplifier 36 of the 
current device, arranged at the secondary side of the charger, to the effect 
10 limiting circuit 120 arranged in the control unit 16 at the primary side is 
performed, as mentioned above, by means of an optical-coupler 37. 

In the effect limiting circuit 120, the current through the electronic switch 122 
and the high-frequency transformer 14 is measured with, for example, a 
primary shunt circuit (not shown) . At a given current level, which mainly is 
determined by the resistance of the first resistor 126, the pulse at the control 
input of the electronic switch 122 is disabled or interrupted. Consequently, 
the maximal allowed output effect of the charger is determined by means of 
the resistance value of the first resistor 126. Furthermore, the signal, i.e. the 
pulse, is filtered by the second resistor 128 and the capacitor 130 in order to 
remove undesired disturbance peaks in the signal. By adding the voltage at 
the capacitor 130 via the optical-coupler 37 and the feed-back from the 
voltage/ current control of the secondary side, the output effect of the battery 
charger can be adjust at each point of time and, thereby, the desired charging 
voltage or current can be obtained. 

As mentioned above, in this preferred embodiment, the modulation circuitry 
124 utilizes pulse width modulation. The modulation circuitry controls the 
control input of the electronic switch 122 with a given fundamental frequency 
30 of the pulse operation. The fall of the pulse occur when the voltage has 

reached a certain level. The period of time between the operating and fall of the 
pulse determines the diiration of the ptilse and accordingly the magnetic 
energy stored in the primary winding of the high-frequency transformer 14 at 



15 



20 



25 
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15 



20 



each pulse. During the duration between to consecutive pulses, the stored 
energy is transferred to the secondary side of the circuit via the secondary 
winding of the high-frequency transformer 14 (i.e. a Fly-Back converter). 
Preferably, a fundamental frequency of approximately 50 kHz is used. Of 
course, the current device according to the present invention can be used with 
other types of converters, for example, a forward-converter, as weU as, with 
other frequencies. 

The design according to the invention provides a good possibility to reduce the 
charging current to the battery on the output side and is at the same time very 
cost efficient. A current limitation is possible to perform in the interval of 
around 5% to 30% of the maximum current. The current regulation wiU partly 
be reciprocally proportional to increased load, ie the charging current 
decreases with increased load. Maximum current is therefore obtained just 
before the voltage regulation cuts in during reduced load. 

Although specific embodiments have been shown and described herein for 
purposes of illustration and exemplification, it is understood by those of 
ordinary skill in the art that the specific embodiments shown and described 
may be substituted for a wide variety of altemative and/ or equivalent 
implementations without departing from the scope of the present invention. 
This application is intended to cover any adaptations or variations of the 
preferred embodiments discussed herein. Consequently, the present invention 
is defined by the wording of the appended claims and equivalents thereof. 



As an example, many of the functions described above may be obtained and 
carried out by suitable software comprised in a micro-chip, an ASIC, or the 
like data carrier. 
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PATENT CLAIMS 

1 . Device for reducing the ouiput current of a primary switched battery 
charger, which charger comprises an input DC power circuit, a high 
frequency transformer and a control unit for modulating the DC input 

5 power, characterised in that it comprises 

means for measuring pulse ratio of switch pulses on the output 
side of the charger; 

means for measuring peak value of output voltage; 
means for differentially amplifying the signals measured; and 
0 means for integrating voltage /current of the differentially 

amplified signals, wherein the integrated voltage /current is used for 
modulating the input DC power in order to reduce the output current. 

2. Device according to claim 1, characterised in a switch capable of 

5 switching on and off the connection between the means for differentially 

amplifying and the means for integrating. 



3. Device for reducing the output current of a primary switched battery 
charger, which charger comprises an input DC power circuit, a high 
frequency transformer and a control unit for modulating the DC input 
power, characterised in that it comprises: 

means for measuring the output effect of the charger; 

means for measuring the output voltage of the charger; 

means for dividing the signals measured; and 

means for multiplexing voltage /current of the output from the 
means for dividing, wherein the multiplexed voltage /current is used for 
modulating the input DC power in order to reduce the output current. 



4. 



Device according to claim 3, wherein the means for measuring the 
output effect of the charger is arranged to measure the pulse ratio of 
switch pulses on the output side of the charger. 
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5. Device according to claim 3 or 4, wherein the means for measuring the 
output voltage of the charger is arranged to measure the peak value of 
the output voltage. 

5 6. Device according to claim 3 or 4, wherein the means for meastiring the 

output voltage of the charger is arranged to measure the effective value 
of the output voltage. 

7. Device according to any of claim 5 or 6, wherein the means for dividing 
10 the signals measured is arranged to: 

compare the signals measured; 

obtain a resulting signal by subtracting the pulse ratio from the 
effective value or the peak value; and 
invert the resulting signal. 



15 



20 



8. Device according to any of claims 3-7, wherein the means for 
multiplexing the voltage /current is arranged to: 

integrate the. output voltage and the output from the means for 
dividing the signals. 

9. Device according to any one of claim 3-8, further comprising a switch 
capable of switching on and off the connection between the means for 
dividing and the means for multiplexing. 



25 10. Method for reducing the output current of a primary switched battery 

charger, which charger comprises an input DC power circuit, a high 
frequency transformer and control unit for modulating the DC input 
power, characterised in the steps of: 

measuring the output effect of the charger; 
30 measuring the output voltage of the charger; 

dividing the signals measured; and 
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multiplexing voltage/current of the output from the means for 
dividing, wherein the multiplexed voltage/current is used for 
modulating the input DC power in order to reduce the output current. 

5 11. Method according to claim 10, wherein the step of measuring the 

output effect comprises the step of: 

measuring the pulse ratio of switch pulses on the output side of 
the charger. 

10 12, Method according to claim 10 or 11, wherein the step of measuring the 

output voltage comprises the step of: 

measuring the peak value of the output voltage, 

13. Method according to claim 10 or 11, wherein the step of measuring the 
15 output voltage comprises the step of: 

measuring the effective value of the output voltage. 

14. Method according to claim 12 or 13, wherein the step of dividing the 
signals comprises the steps of: 

20 comparing the signals measured; 

obtaining a resulting signal by subtracting the pulse ratio from the 
effective value or the peak value; and 
inverting the resulting signal. 

25 15. Method according to any one of preceding claims 10-14, wherein the 

step of multiplexing the signals comprises the step of: 
integrating the signals. 

16. Method according to any one of preceding claims 10-15, fturther 
30 comprising the step of: 

switching on and off a low-current area of the charging. 
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17. Method for reducing the output current of a primary switched battery 
charger, which charger comprises an input DC power circuit, a high 
frequency transformer and a control unit for modulating the DC input 
power, characterised in the steps of: 
5 measuring pulse ratio of switch pulses on the output side of the 

charger; 

measuring peak value of output voltage; 
differentially amplifying the signals measured; 
integrating voltage /current of the differentially amplified signals, 
10 wherein the integrated voltage /current is used for modulating the input 

DC power in order to reduce the output current. 



15 



18. Computer readable medium comprising instructions for bringing a 
programmable device to perform the method according to any one of 
claims 10-17. 
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